Purpose: Acromioclavicular (AC) joint dislocation is commonly treated using a clavicle hook plate (HP). However, previous reports have indicated that acromial fractures may occur after HP fixation. The purpose of this study was to identify risk factors for acromial fractures. Methods: A retrospective study was conducted on 39 patients with AC joint dislocation who were treated using clavicle HP fixation in our hospital between 2006 and 2017. Related parameters, including Rockwood classification, hook angle, the degree of reduction, the coverage of the hook under the acromion, and the anteroposterior position of the hook under the acromion, were evaluated to identify risk factors for acromial fractures. Results: The mean age of the participants was 51.7 (range 19 -81) years; 34 were men and 5 were women. Injury occurred on the right side in 18 patients and on the left side in 21. Injuries were categorized as follows: 24 were Rockwood type III, one was type IV, and 14 were type V. Four of the 39 patients (10%) experienced acromial fractures. Statistical analyses indicated that the degree of reduction at the final follow-up was moderately correlated with the Constant score. Posterior positioning of the hook was the only identified risk factor for acromial fractures. Hook angle and the degree of reduction at the time of surgery were not significantly associated with acromial fractures. Conclusions: Postoperative shoulder function was associated with the degree of reduction at the final follow-up, suggesting that anatomical reduction is recommended for AC joint dislocation. Posterior positioning of the hook is a risk factor for acromial fractures; however, clavicle HP fixation provides a positive outcome for AC joint dislocation. Therefore, careful positioning of the hook is required for preventing acromial fractures.
Introduction
Acromioclavicular (AC) joint dislocation is a frequently occurring injury, particularly among young and middle-aged people. In Rockwood type I and II AC injuries, the joint is intact or minimally displaced, respectively, and can be nonsurgically treated. On the contrary, surgical treatment can provide better outcomes for Rockwood type III -VI AC injuries than conservative therapy [1] . Among the fixation methods, clavicle hook plate (HP) fixation has been widely used. However, previous reports have indicated that HP fixation causes certain complications, including subacromial impingement, proximal clavicular fractures, subacromial bony erosion, and acromial fractures. In particular, subacromial erosion and acromial fractures occasionally occur because the hook placed under the acromion erodes, loading an excessive stress on the acromion. Rotational movement of the clavicle during shoulder joint motion is one of the possible causes of subacromial erosion and acromial fractures [2] ; however, the precise underlying mechanisms are yet to be determined. In the present study, we retrospectively studied 39 patients with AC joint dislocation, wherein the dislocations were repaired using HP fixation; among these, four patients (10%) experienced acromial fractures. We investigated a selection of parameters, including Rockwood classification, hook angle, the degree of reduction, and the coverage of the hook under the acromion to identify risk factors for acromial fractures.
Material and Methods
All patients were treated in Bellland General Hospital between 2006 and 2017. All patients treated with HP fixation against AC joint dislocation were enrolled in the present study. Exclusion criteria were revision from other operative methods. HPs from two different manufacturers (DePuy Synthes, Warsaw, IN, USA and Homs, Nagano, Japan) were used. The plates were selected according to the preference of the clinician performing the surgery. The surgical technique was performed as follows: patients underwent surgery in beach chair position under general anesthesia with the affected arm in a freely movable state. A transverse incision was made along the clavicle over the AC joint. The AC joint dislocation was identified; then the clavicle HP was placed to reduce the dislocation. Repair of the ruptured AC ligament was performed according to the preference of the clinician. The degree of subacromial osteolysis was evaluated using standard x-ray and scored as follows: 0 = no osteolysis, 1 = partial osteolysis without perforation, 2 = partial perforation, and 3 = acromial fracture. Representative x-rays are shown in Figures 1(a)-(d) . clavicle and that of the acromion and E was the thickness of the acromion; a positive value represented over-reduction. Coverage of the hook was defined as the ratio of F to G, where F was the distance of the hook placed under the acromion and G was the transverse length of the acromion. The anteroposterior (A-P) position was measured by the ratio of H to I, where H was the distance between the posterior edge of the acromion and tip of the hook and I was the entire length from the posterior to anterior edge parallel to line H.
As an indicator of shoulder function, the Constant score was adopted as previously described [3] . The scoring system comprised of the following four categories: pain (15 points garded as mild, 4 -6 moderate, and 7 -10 was defined as severe pain. Student's t-test and Pearson's correlation were used for statistical analyses of differences and relationships between two parameters, respectively. The p-value for Pearson's correlation was calculated using Microsoft Excel 2016 using the following equation: p = TDIST(r*SQRT(n − 2)/SQRT(1 − r 2 ), n − 2, 2). For analyzing trends among multiple groups, the Jonckheere-Terpstra test was adopted using EZR [4] . For comparisons between multiple groups, Dunnett's test was adopted [5] . A p-value of less than 0.05 was considered statistically significant.
Results
All parameters analyzed in this study are shown in Table 1 . In total, 34 men and five women were included; their mean age was 51.7 years (range 19 -81 years). Overall, 18 patients had injured their right shoulder and 21 had injured their left. Twenty-four patients were classified as having Rockwood type III AC injury, one was classified as type IV, and 14 were classified as type V. Among the 39 patients, 14 (36%) exhibited no osteolysis, 16 (41%) showed minor subacromial osteolysis, five (13%) presented major osteolysis (partial perforation of the acromion), and four (10%) had acromial fractures. We analyzed the correlations between parameters and found that the degree of reduction at the final follow-up and the Constant score were moderately correlated (r = 0.438, p = 0.005; Figure 2) . Furthermore, the degree of reduction at the final follow-up and osteolysis grade showed a significant trend toward being correlated (p = 0.008). These results imply that the degree of reduction is associated with clinical function and reduction is lost with subacromial osteolysis. Over-reduction at the time of surgery and osteolysis grade (p = 0.727), difference of AC hook angles and osteolysis grade (p = 0.446), and coverage of the hook Figure 2 . Correlation between the degree of reduction at the final follow-up and the Constant score. The dotted line represents the approximate line of best fit. and osteolysis grade (p = 0.101) were not significantly correlated. Notably, A-P position of the hook and osteolysis grade were significantly correlated (p = 0.039). In addition, a comparison between osteolysis grades 1 and 3 demonstrated a significant difference in the associated A-P position (p = 0.026) ( Figure  3 ). Therefore, we concluded that posterior positioning of the hook was the only risk factor for subacromial osteolysis or acromial fractures among the investigated parameters.
Discussion
AC joint dislocation is frequently observed in young and middle-aged physically active individuals, and it occurs as a result of sports trauma or an accident. AC dislocation is divided into six types according to Rockwood classification, which provides an indication often used for determining the need for surgical treatment. Rockwood type I and II AC injuries can be nonsurgically treated. Treatment for type III AC injury is controversial, but surgical fixation has been recommended, particularly in active patients [1] . Surgical repair is recommended for type IV, V, and VI AC injuries. AC joint dislocation has been treated by several methods, such as tension band wiring or coracoclavicular ligament reconstruction, each with its own advantages and disadvantages. HPs provide a positive outcome; however, complications including subacromial osteolysis, acromial fractures, and subacromial impingement have been documented [6] . Another option is coracoclavicular reconstruction with the tightrope plus endobutton technique, which provides better function and lower postsurgical pain compared with HP fixation; however, higher complication rates, such as early subluxation and intrasurgical fracture have been reported with this approach [7] [8]. Presently, whether the tightrope method overcomes the requirement of HPs remains unclear, and further investigation is required to determine this.
The risk factors for acromial fractures have not yet been clarified. Specifically, two cases of acromial fractures after HP fixation were reported by Kang et al. [9] .
They described the cause of those fractures as excessive shoulder motion and suggested that the HP should not be used in patients who are unable to follow a routine rehabilitation program before plate removal. There are other reports that advise patients to restrict shoulder motion and avoid high intensity activities before implant removal [2] [10] . In the present study, one in four patients had a psychological condition that made adherence to prescribed restrictions challenging.
Another discussion point is the angle of the hook on the plate. Virtual implantation analysis for measuring the loading force on the acromion and clavicle has been conducted. Hung et al. [11] . Demonstrated that a larger hook angle produces more force on the acromion. On the contrary, a smaller hook increases the stress on the clavicle. The authors emphasized the importance of selecting the optimal angle for the HP for each patient. Another report also demonstrated that the HP makes a pinpoint contact between the hook and acromion, resulting in subacromial erosion [12] . For avoiding such complications, an HP that is tailored for the individual patient is required, because the AC angle largely varies between patients [13] . HPs with an angle greater than 90˚ have been developed by several companies, which may reduce complications associated with subacromial erosion and/or cutout of the acromion [14] . Muramatsu et al. suggested that the plate be bent along the contour of the clavicle [15] . In the present study, the difference between the hook and AC angles was not significantly related to subacromial osteolysis. Furthermore, we investigated the extent to which the hook covered the acromion, as less coverage may increase the stress on the acromion, thereby triggering osteolysis of the acromion. However, our results demonstrated that there was no significant difference between the coverage of the hook and subacromial osteolysis.
With regard to the Constant score, there was no correlation between subacromial osteolysis and poor outcome when using the HP fixation for acute displaced lateral clavicle fractures [16] . Similarly, our study indicated that subacromial osteolysis was not significantly related to clinical outcome. On the contrary, our results suggested that postsurgical shoulder function was associated with the degree of reduction at the final follow-up. This means that anatomical reduction is beneficial in AC joint dislocation.
Lastly, positioning of the hook under the acromion should be considered. As previously studied, bone thickness varies depending on the portion of the acromion. The median thickness of the antero-medial and postero-medial portion of the acromion is 10.1 and 8.2 mm, respectively, suggesting that the anterior portion tends to be thicker [17] . Additionally, the median angle of the acromial arch (on the sagittal plane) is 21.4˚ (in females) and 23.3˚ (in males), indicating that the osseous structure of acromion tilts downwards from the anterior to posterior side. This suggests that as the placement of the hook becomes more posterior, the occurrence of over-reduction may become more severe. Over-reduction is the one of the most plausible reasons of acromial cutout because of the stress it places on the acromion; however, this study demonstrated that over-reduction was not significantly associated with osteolysis.
There are some limitations in the present study. One is sample size. AC joint dislocation was less common than distal clavicular fractures; therefore only thirty-nine patients could be enrolled. To obtain more established conclusion, further study included larger number of the patients will be needed. Second one is retrospective study, which is generally less convincing than prospective study.
The last one is our selection of operative method. The used plate and repair of AC ligament depended on each operator. This may mislead the conclusion.
Conclusion
In conclusion, the findings of our study suggest that the hook should be placed on the anterior side of the acromion for avoiding acromial fractures. It is crucial that subacromial impingement is considered; therefore, indications of impingement should be intrasurgically checked.
